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SUMMARY

The feasibility of incorporating a Master Monitor Display into
an A-7E has been established by the results of this study. An alpha-

numeric type of display operated under control of the TC-2A computer in
• conjunction with the necessary pilot-operated controls offers a

considerable increase in the useful information presented to the pilot

in comparison to the current individual dedicated instruments. Candidates

for display on the MMD were selected from the current A-7E cockpit func-
tions . The selection of cand idates included those functions that alert the
pilot in the event of a malfunction or an out of tolerance condition.
When such a condition exists , prestored messages to aid the pilot in
decision-making or advisory statements to inform him of situations are
automatically displayed .

In order to integrate the MMD into the A-7E three major inter-

face requirements must be satisfied . These are the pilot interface,
— software requirements, and hardware interface requirements. This report

- ,. contains the Implementation schemes necessary to satisfy these require-
ments.
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PREFACE

This final report has been prepared in compliance with the data
requirements of NADC contract N6?269-76-C-0198. The report documents the
results of a Master Monitor Display Application Study for the A-7E. This

work was supported by the Naval Air Systems Coim~and under the sponsorship
-~~ of Mr. George Tsaparas . The program was under the technical direction of

Mr. Bill Mulley and Mr. Karl Quiring of the Naval Air Development Center ,
Warminster, Pennsylvania.

Significant contributors to this report include Mr. P. H.

Sanderlin, E & E Technologies group, under the direction of the principal

- investigator for the Vought Corporation , Mr. P. B. Greer.
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1.0 INTRODUCTION

The Vought Corporation submits the final report on a 10 month

study that established the conceptual feasibility for the application of
the Master Monitor Display (MMD) concept into the A-7E aircraft. The MMD
provides the pilot with warning, caution and advisory functions through
the inflight performance monitoring of all critical aircraft functions

(except engine performance) along with preflight and health monitoring
activities. The baseline data for this display was derived using the A-7E
aircraft functions as being representative of an attack aircraft. Priorities

for information display were established as a function of flight mode, and
the integration requirements were defined.

The MMD is one of five master displays being conceptually de-
signed for the Navy aircraft as a part of the Advanced Integrated Display
System (AIDS). The other four AIDS displays include an Engine Management
Display, Vertical Situation Display, Horizontal Situation Display and
Head Up Display. The Navy is currently active in the development of the

Advanced Integrated Display System which promises to provide the tools

with which to stem the present trend towards overcrowd ing cockpits with
dedicated displays and controls.

This improved utilization of cockpit space will be accomplished
by the integration of many of the individual display functions into
logically programmed displays and controls thereby significantly reducing
the nu~~ers of dedicated instruments and indicators required in the cockpit.
The major objective of the AIDS concept is to reduce the pilots work load
and improve his efficiency particularly in the critical phases of his

• mission.

One of the principal segments of the AIDS is the Master Monitor
Display (MMD ) which is assigned the warning, caution, and advisory functions
along with preflight and post flight health monitoring activities. The MMD
provides infligh t performance monitoring of all critical aircraft functions
except for the engine performance which ii provided on the Engine Management
Display ( FiID). In the AIDS concept the ~ 4D and MM!) can serve as back-up to

7
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one another in the event of a malfunction or failure in either display

subsystem.

The studies reported herein were performed to develop baseline
data for a conceptual MMD installation for an A-7E cockpit and to evaluate

the feasibility of the application of the MMD concept to the A-7E. The

results of th is study were intended to support the AIDS System Development
studies being performed by another contractor thru NADC. The study results

were presented incrementally through a series of contractor data inter-

change meetings to insure a timely dissemination of the needed data for

the AIDS system studies.

The MMD applications study for the A-7E was performed in a
phased approach which included, first the compilation of existing functions
which were logical candidates for display on the MMD and the identification

of new sensors required to provide the necessary additional information

which is not presently available to the pilot. The second phase involved

the definition of what data should be displayed and during which flight

modes it should be available. Priorities for display of the information

were established as a function of flight modes and the data were identified
as to class such as advisory, warning, caution, or data which is only
displayed when called up by the pilot. The priorities and classification

of data varies in some cases with the flight mode of the aircraft. The

last study phase included a definition of integration requirements for the

MMD in the A-7E. Both the hardware integration requirements and the MMD

related software requirements were defined. The production TC-2A computer

in the A-7E has adequate reserve to perform the processing computations

required for the MMD. A simple interface box will provide the organization

and conversion of the A- TB sensor signals into the format required for
inputs to the computer. This box will provide memory for storage of
certain data as required prior to call-up for display. A Human Factors
analysis was performed to help develop the criteria for selection of the

data for display on the MMD and to define the man-machine interface require-
ments for the MMD installation.
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The P.94D Study results presented herein indicates that it is
quite feasible to use an integrated display concept in the A-7E aircraft.
This study only addressed the MMD which is one of five master displays in
the AIDS concept . A similar feas ibility study is recoemended for the full
AIDS integration in an A-7 type aircraft to ident ify the requirements and

• special aircraft integration constraints which must be considered in the
Installation of the integrated display concept in a tactical aircraft.
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2.0 MMD CANDIDATE SELECTION

The A-7E aircraft was chosen for this MMI) applications study
because it has a representative high density conventional cockpit and has
a highly integrated navigation/weapons delivery system (NWDS) and heads up
display which is representative of the AIDS technology. The NWDS hardware
and technology provide a natural point of departure for the MMD configura-
tion studies and hardware inter face definition. There are approx imately
100 ind icator lights in the A-7 cockpit approximately 50 of which are
candidates for the MMD . The remainder are either engine related indicator
lights which would be displayed on the EM!) or armament related which , it
is assumed , shall appear on an integrated armament control/display panel.
There are also many individual indicators such as fuel status , hydraulic
system status , aerodynamic controls etc . which are candidates for the MMD .

2.1 Existing A-7E Cockpit Instruments

The pilots instruments and indicators currently in the A-7E
cockpi t are , for the most part , ticated to individual functions and
operations . As new capabilities are added to the &ircraft for which new
indicators are required the competition for the prime cockpit space
becomes more and more critical. This situation is typical of most opera-
tional aircraft today. All of the instruments and indicators need to be
located In positions which are readily visible to the pilot at the t ime
that function is important to him but , obviously, there are limits to
optimizing the location of dedicated individual indicators . -

The current layout of the instruments and controls in the A-7E
• cockpit are shown in Figures 2-1 through 2-3. These f igures depict the

locations of the controls and instruments in the instrument panel as well
as the left hand end right hand consoles .

The pilots flight instruments are functionally grouped on the A-7E
cockpit instrument panel (see Figure 2-1) with the navigation and flight
instruments in the center , the system monitoring ( fuel quantity , oil pees-
sure , turbine outlet pressure and temperature) instruments are grouped in

10
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8. UHF REMOT E CHANNEL INDICATOR 33. TURBINE OUTLET PRESSURE INDICATOR
9. DATA LINK DISCRETE LIGHTS 34, LANDING CHECKLIST

10. RADAR SCOPE 35. SALVO JETTISON SWITCH
11. RADAR RANGE SET CONTROLS 36. AUXILIARY JETTISON SWITCH
12. GYRO ERECT SWITCH 37. TUR BINE OUTLET T EMPE RATUR E INDICATOR
13. SHRI KE SWITCH 38. SELECT JETTISON SWITCH
14. RHAW WARNING LIGHTS 39. TACHOMET ER

• 15. STAND8Y CQMPASS 40. MASTER FUNCTION SELECTORS
16. LAUNCH ALERT WARNING LIGHT 41. ARMAMENT ADVISORY LIGHTS
17. DATA LINK DISCRETE LIGHTS 42 . VERTICAL VELOCITY INDICATOR
18. TAKEOFF CHECKLIST 43. ANGLE-OF-ATTACK INDICATOR
19. ECM THREAT ANALYZER - 44, RADAR ALTIMETER LOW ALTITUDE WARNIN G LIGHT
20. CLOCK 45. SPEED BRAKE POSITION INDICATOR
21. PROJECTED MAP DISPLA Y 46. SERVOED ALTIMETER
22. ATTITUDE DIRECTOR INDICATOR 47. RADAR ALTIMETER
23. - HORIZONTAL SITUATION INDICATOR 48. APPROAC H INDEXER
24 ARMAMENT RELEASE PANEL 49. WHEELS/FLAPS WARNI NG LiGHTS
25. HEADING MODE SWITCH 50. APPROACH POWER CONTROL WARNING LIGHT

Figure 2-1 Cockpit Instrument Panel
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the lower left hand side of the panel and the armament controls and
indicators are located on the lower center and upper left hand side.
Caution and Warning functions and advisories are on the lower right hand
side and on the cowl across the top of the instrument panel. The left hand

- 
console shown in Figure 2-2 contains controls and indicators for the auto-

- 

- 

mat ic flight control system (AFCS), landing gear, emergency power package,
autopilot , engine, fuel, flaps, UHF comeunications (1FF), radar, fuze
control , intercomeunications, oxygen, air refueling, suit vent and pilot
services. The right hand console contains the interior and exterior

I 
- lighting controls, caution and advisory annunciators, and the controls and

indicators for hydraulic pressure, arresting hook , doppler radar, tactical.
computer, TACAN , ECM, Inertial Measurement Set (It.~ ),  radar beacon and
environmental and wingfold systems.

2.2 Candidates for Display on MMD - 
-

The main purpose of the AIDS is to improve the pilots efficiency
by simplifying his work load during critical mission modes. This is to be
accomplished with the integrated controls and display philosophy of pre- -

senting all the information to the pilot on five master display sets. -

Most of the aircraft general flight information , warning and advisory
information and system status data are primary candidates for integration

- I into the laiD. The key to successfully mechanizing the MMD is in the
selection of the dat a for the display, determination of when certain data
is displayed , and the determination of how the data is selected whether by
priority, by flight mode, or called up by the pilot . Another important
consideration is to assure the data being displayed is pertinent , timely,
and self-explanatory and the display ic not cluttered with information not

- relevant to the pilots i~~~diate needs .

- 2.2.1 Criteria for Selection of Functions

• The functions chosen for display on the laiD were those that met
the criterion described here in and those that provided the pilot with
c rtain warning, caution, advisory and auxiliary data currently presented
by a altitude of dedicated instruments • The criteria used in the

-Li

_________ — — —-- -r 
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selection of candidate MMD information include the following:

a.. Criticality of information to be displayed on the MMD .
- 

- b. Usefulness of displayed information to the pilot .
c. Sensor requirements and availability:

o The status of all electronic devices can be inputs to

- 
the display .

• o The status of many mechanical items (those whose
positions are read from micro-switches or potentiometers)

t can be inputs to the MMD.
d. Tradeoff between presenting the information on the MMD or by

- conventional means .

Priorities must be placed upon the information to be displayed
in order to make maximum use of the display . If the laiD replaces other
cockpit displays , it should present information to the pilot in a more
usable format . The pilot must be able to obtain the desired informat ion

-

- 
from the display with a minimum of effort . For an abnormal or emergency
indication, the problem and its solution should be presented automatically.
to the pilot. It more then one anomaly occur within the same time frame,
the display should present the most critical one first . The NATOPS Flight
Manual for the A-7E (NAVAIR O1-145AAE-l ) was used as a starting point in
determining the display priorities. Test pilots and engineering specialists
on the various aircraft systems were also contacted to help establish the

- 

priorities with respect to flight modes for the displayed data. The data
- are classified as warnings, cautions, advisories and call-up functions,

where warnings take priority over cautions and cautions over advisories .
The MMD does not include certain functions that would more appropriately

- 

- 
be displayed on one of the other AIDS displays. For example, most engine

- 
functions were considered more appropriate for display on an ~igine

• Management Display (DiD) . Weapon inventory and delivery information was
also omitted fro. the laiD and designated for readout on an integrated

• weapons management display system.

Functions chosen for display on the laiD must be easily adaptable
to an alph arn asr ic display system so that the information is easily read

15
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and understood . Functions whose values change very rapidly or where time
history of the readings are important are not desirable as MMD candidates .
Another major consideration was the effect on pilot workload, especially
during critical mission segments such as weapon delivery and final approach
for landing. If an increase in pilot workload was shown to be attributed
to the MMD message content , then that function was eliminated from further
considerat ion as a candidate. Likewise, if placing a function on the MMD
would result in a possible compromise of safety or delay in present ing
critical information to the pilot such as the “master caution” indication,
then those functions were not assigned exclus ively to the 144!) even though
explanatory information for these critical functions may have been assigned .
Further discussion concerning pilot interface and workload relat ive to the
incorporation of an MMD in the A-7E are contained in section 14 .1 - Pilot
Interface. 

. 
-

2.2.2 Candidate MMD Functions -

The NATOPS fl ight Manual was used as the primary reference in
the selection of the initial candidate functions for display on the MMD .
These functions are included in Tab le 2— 1 which lists all of the signifi-
cant A-7E pilots instruments and indicators that are candidates for
incorporation into the AIDS concept. The measure ments listed in the matrix
are grouped together as maj or system functions such as fuel system, elec-
trical system, etc • These measurements were screened using the previously
mentioned selection criteria and those which appear to be the logical
functions for display on the laiD are so noted on the mitrix . The final
selection of the MMD candidates was made through an integrated effort of
representatives from each of the pertinent subsystem engineering disc i-
plines as well as from the Pilot ‘a Sta.ff, Field Tz~gineering, Safety, end
H~~~n ~~gineering. NADC personnel also reviewed the list and made

- 

- 
suggestions which were incorporated. Also shown in the matrix of Table
2-1 are the various categori es of flight modes which influence the type
message or th, priority of the message depending on its criticality. The
methods of handling a message will not necessarily be the same for all
flight odes . As seen in Table 2-1 some messages such as “whe.ls,-flaps ”
would be considered as a warning priority in take-off or land ing modes end
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TABLE 2-1 CA1W~~ TE A-7E FUNCTIONS FO~

~~~~~~~~~~~~~~~~~~~ 
~~~~~ *u~~i’,~~” j - ~ ____________ ________ ________ 

F L I 0 H T M 0 D E S

COMPONKE/ I MMD PRE- TA1~~ IN-FLT ATTJ

- FIflETION FUNCTION D~~CR~~TIQL “~ ç~DA11 FLIG~~ OFT CLD~ CRUISE REFUEL APPR(

ENODiE TFI41
Ofl.. Q~ NflTY FULL NOR*L, 1/2, lOW
TURB our PRESS ThCHES OF )*~RCURY X W W CU CU CU CU
TURB our TEMP T~~~ERATURE IN 

0C
TACHOMETER SPEED IN %
FUEL FLOW 1~ SS RATE IN LBBmR.
OIL PRESSURE PRESSURE Dl PSI
ENGINE 011 OIL ~ry , PRESS, OR FLOW LOW K C C C C C C

~~~fllE HOT TD~ OVER 620°C X C C C C C C
1.N FUEL CONTR FUEL SW IS IN W~N POSITION
*11 FUEL P~~~ FAILURE IN HI PRZ S FUEL PUMP
FUEL BOOST 1 ENO DRIVEN BOOST PI.*IP FAILURE -

FUEL BOOST 2 LOW PRESS FUEL PUMP FAILURE

FUEL SYSTEM
FUEL Q1*NTT1’Y FUE TX , TRANS TX & TOT ~rY X CU CU CU CU CU CU
FUEL LOW FUEL 9350 LB..(<14000 LB T b )  x c C c c c c
W~~~ TANK PRES OVER PRESS IN WINO TANK
GALW~~ DELIV ~~~ FUEL DEL TO REC A/C 

-

DIW FUEL BEING DUMPED OR TRANS
DROGUE POSITID DROGUE ~xr, ENG&,REr - 

-

STATION SELECT FOR TAN1~ R STORE OR JETTISON
PROBE our PROBE NOT LOCKED Dl P08

ELEC’r. SYSTEM -

~~STER GEN our GENERATOR OUTP1J~ - X 
- 

CU - CU CU CU CU CU
4STER GEN GEN OUr NEAR TOL LIMITS X C C C C C C

HYDRAULIC SYST
HYDRAULIC PR~~ PC-i, 2 OR 3 PRESS < 1500 PSI X C - C C C C C
PRESSURE,P81 PC-l, 2 , 3 SYST PRESS X CU CU CU CU CU CU
EMER HYD ISO EMER ACCUP4 VALVE OPEN

FLT & TRD4 SYS -

ROLL TRIM P08 ROLL P08 13°LFT - 13°RT X CU CU CU CU CU CU
PITCH TRIM P08 PiTCH P08 O-15~ PITCH - X CU CU - CU - CU CU CU
STALL RUD PEDAL SHAKER, AOA’ 20.5 - 

-

FLAP SYSTEM -

TRAIL EDGE P06 POSITION OO_400 X CU CU CU CU CU CU
LEAD EDGE P08 UP , DOWN, IN TRANSIT , UNLOCKED K A A A A A A
wHE~~~/FTAPs* WILLS/FLAPS BOTh NOT UP OR DN X A W C C C C

Shown also under Landing Gear

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-- -— -— — 
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NDIDATE A-7E FUNCTIONS FOR INTEGRATED DISPlAYS

L I G H T M 0 D B S 
_______ _______ _______ 

SIGNAL ClASSIFICATION
IN-FLT ATrACK ON TARGET POST- TYPE OF SIGNAL SENSOR

L CRUISE REFUEL APPROACH EGR~~S DESCEND LANDING FLIGHT ANALOG DISCRETE ~XISTING i’ROPOSED

CU CU CU CU CU CU CU X X

C C C C C C C X X
C C C C C C C X X

CU CU CU CU CU CU CU X X
C C C C C C A x (2) x x

CU CU CU CU CU CU CU X X
C C C C C C A SOFTWARE

C C C C C C A x(3) x(3)
Cu CU CU CU CU CU CU x(3) x(3)

CU CU CU CU CU CU CU X - X
CU CU CU CU CU CU CU X X

CU CU CU CU CU CU CU X
A A A A A A A x x
C C C C C W A x x

N/A - NOT APPLICABLE
CU - CALL-UP FUNCTION
A - ADVISORY NOTICE

______ _______ ______ _______ ______ _______- C - CAIYr ION CONDITION
W - WARNING CONDITION

17



TABLE 2-1 CANDIDATE A-TB FUNCTIONS

STnNl7Jr’Awr c~n~r~vr vTns~r TnN~ ______  ______  ______‘ I G II T M 0 1 .~~
COMPONEW2/ PRE- TAKE IN-FLT k

I FUNCTION FUNCTION DESCRITTION CANDIDATE FLIGHT OFF CLIMB CRUISE REFUEL A

~7CS
(~~~~~~T0R POS PITCH, ROLL, YAW ACTiP~TOR P08 X CU CU CU CU CU
YAW STAB DISENGA OR YAW SW NOT IN STAB X A A A A A
PITCH APCS DISENGAGED X A A A A A
ROLL APCS DISENGAGED X A A A A A

SPEED BRAKE
P08 INDICATOR CW(O°) TO FULLY 0PEN(6o°) X CU CU CU CU CU
SPEED BRAKE SPEED BRAKE NOT CLOSED X A A A A A

LANDING GEAR
10 POSITION UP-DN-IN TRANSIT X CU CU CU CU CU
HANDLE W~RNE~~ NOT LOCKED IN POSITION X W W C C C
$1~~T.s/FLApS* BO’1~I NOT UP OR DOWN X A W C C C
NOSE GEAR STEE ~IDSE GEAR STEERING ENGAGED X A A N/A N/A N/A

UITI$KTh t~IZUNCTION, SWITCH TO MANLLkL X C C N/A N/A N/A

TAIL HOOK 
-

HOOK H~NDL b~ .RN HOOK NOT IN SELECTED POSITION K A 
- 

A N/A N/A N/A

CATAPULT SYS
IAII~ H ~~R SWITCH IN F~(TEND OR !~~IZ1JNCT X W W N/A N/A N/A

WIN~~OW 8Y8
LOCK LEVER NOT FULLY LOWERED X A A A A A

FIRE DETECT SY
FIR! ~~}DIE COMP FIRE OR OVERHEAT X W W W W W
FIRE bEEEL WELL FIRE X W W W W W

CANOPY
CANOPY CANOPY UNLOCKED X A A A A A

AIR CONDITION
RAIN RENOVE HO DUCT T~~~ EXCEEDING 290°F X C C C C C
C0CKPI~ PRESS PRESS ~~LZUNOT ION
OO~~~IT TDIP T~~~ ?~ IZUNCTION

~~~STER CAUr ION
ION ~~IZUNCT ION OR ABNORM COND X C C C C C

* Shown also under Flaps System - —
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CA~4DU~~TE A-7E FUNCTIONS FOR INTEGRATED DISPLAYS

_ J I G H T MQ ~~) E s _______ _______ ______ 

SIGNAL ClASSIFICATION
Th-FLT ATTACK ON TARGET POST- TYPE OF SIGNAL SENSO ______

LIMB CRUISE REFUEL APPROACIT EGRESS D~~C~~D LANDING FLIGHT ANALOG DISCRETE ~ CISTINO PRQP0SE1~

CU CU CU CU CU CU CU CU x (3) X( 3 )
A A A A A A A A x (3) x x(2)
A A A A A A A A X X
A A A A A A A A X X

CU CU CU CU CU CU CU CU X X
A A A A A A A A x x

CU CU CU CU CU CU CU CU X X
C C C C C C -

- 
W X X

C C C C C C W A X X
N/A N/A N/A N/A N/A N /A A A x x

N/A N/A N/A N/A N/A N/A C A X x

N/A N/A N/A N/A N/A N/A W - A x x

N/A N/A N/A N/A N/A N/A W 
- 

A x x

A A A A A A A A X x

W W W W W W W W x x
W W W W W W W W X x

A A A A A A A A X - x

C C C C C C C C X x

C c C C C C C C X X

_  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  -4
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TABLE 2-1 CANDIDATE A-7E FUNCTIONS F(

SIGNIFICAN’r COC1~~u FUNCTIONS 
_ _ _ _ _  _ _ _ _ _  

F L I G H T  M O D E S
COMPONENT/ 1140 PRE- TAKE 

- 

IN-FLT ~~~~FUNCTION FUNCTION DESCR~~TION CANDIDATE FLI~~I OFF CLIMB CRUISE ~~~JEI, ~~~~
)XYGEN SYSTE74
QUANTITY ~FY LIQUID OXYGEN(LITERS) X CU CU CU CU CU CT
OXYGEN ~ILITER OR REG PRESS ~ 42 PSI X C C C C C

~ IERG OIl PRES PRESS IN EMERG OXY BOTTLE

~.PPRO EWE CONT
~PPRO PVR CONT 315 IN STBY OR DISENGAGED X N/A N/A N/A N/A N/A N ;

~NGLE OF ATTAC

~NGLE OF ATTAC RANGE OF 0 TO 30 UNITS X CU CU CU CU CU CU

FLIGHT INST
NORM A(XEL -5 TO 10 G’s
VENT VEIX)CITY ~CENT/DESCENT RATE 0-6000 FPM
~LTTFUDE WITHIN 100 FP~T
~IR SPEED/?~ CH 80450 KNOTS/O.14..2 MACH NO.

~LT~TUDE IN~ INCHES OF Hg
STEY ATTITUDE 360 ROLL; _820 PITCH ; PWR FL~TRUE AINSPEED TRU~ AIRSPD; ADC INOP FLAG
STBY COMPASS 360 AzD4urlr
STBY FLO ON AL 3ERVO SYS MALFUNCT; PNEU OPER

TACT COMPUTER
COMPt1~~R COMPUTER FAILURE X A A A C A C

Th~
~~~ITUDE 118) INSERT LAT IN M~G VARIATION
GND ALIGN ?.VDE SW IN GND ALIGN
I)~E NOT ALIGN INS NOT ALIGN; INS/DPLR DIFF X A A A A A A
PLATFORM INS SYSTEM FAIWRE X C C C C C C

DOPPLER RADAR
DOPPLER UNRELIABLE fllF9 X N/A A A A A A
DRIFT ANGLE DRIFT ANGLE 40 LPI’ -40° R’r
GROUND SPEED GROUND SPEED 0-999 ENOTS

AIR DATA CMP1~R
ADC IAILURE IN’ADC SYST x A A A A A C ,

FWD LOOK RADAR
FAIL RADAR FAIL, CLIMB C0t4) IN TE K A N/A A A N/A C
RANGE OPERAT ING RANGES
TV/SHRINE TV OR SHRIKE DISPLAY AVAIL
IN RANGE FLR IN AGR & LOCKED ON TARGET

I
— - -  

- -
~~
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~~~~~~

-

~~~~~ 
— -
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F
CANDIDATE A-7E FUNCTIONS FOR INTEGRATED DISPLAYS 

F L I G H T  M O D E S  
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

RTr.NAT.mAsSI ICATTON
IN-FLT ATTACK 0 1 TARGEI POST- TYPE OF SIGNAL SENSO R______

LD4B CRUISE RERUEL &PPRQA~1 EGRESS DESCE1~ I3NDING FLIGHT ANALOG DISCRETF EXIST INC PROPOSED

CU CU CU CU CU CU CU CU X X
C C C C C C C A X X

N/A N/A N/A N/A N/A N/A W A x (2) x x

CU CU CU CU CU CU CU CU X X

A C A C C A A A X X

A A A A A A A A X X
C C C C C C C A X X

A A A A A - A A N/A X X

A A A C C A A A X X

A A B/A C C C N/A A X X 

_ _  _ _  _ __  
_ I
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TABLE 2-1 CANDIDATE A-7E FUNCTIONS FOR

~ IGNJ ICANT COCEPIT FUNCTIONS _______ _______ 
F L I 0 H T M 0 D .~~~~~..

cOMPON~~r/ t+ID PEE- TAKE IN-FLT 
~~~~~~~

ION FUNCTION DESCRI?.r ION CANDIDAT} FLIGHT OFF CLIMB CRUISE R~~UEL ~~~~
RADAR ALT
ALTITUDE ALT 0-5000 PT & OFF FLAG
S~~P TEST SYSTEM SELF TEST
LOW ALT WARN ALT BELOW SEL INDEX MARK X A N/A C W N/A
SYS NONITOR SYSTEM MA LFUNCTION X A A A A A

RUD
HUD FAIL HUD FAILURE X A C C C C
MILE DEPRESS ANGLE OF STBY RET ICLE
HUD HOT OVERHEAT CONDITION X C C C C C
PULL-UP CND FLASHING X ON HUD
WARNING IND LINES ON HUD

PROJ MAP DISPL
MILES MILES TO DESTINATION
FAIL FLAG-PMDS FAILURE X A N/A A A N/A
DEC~ 1TER A/C P08 AT BO~ P0M IN NORM
HOLD HOLDS t ’P.PS IN CURRENT P08
DATA TF 41 ENGINE PROCEDURES

ADI -ow FLAG FAIL; INS UNREADABLE X A C C C C
VEW~ PT ALARM FLAG-UNREADABLE SIGNPLLE
HOR~L PT ALAB) FLAG-UNREADABLE SIGNAlS
DISPL PT ALAN) FLAG-UNREADABLE SIGNALS

HSI
COUNSE SELECTED (uP TO 360°?,

HEADING HEADING SELECTED (up TO 360 )
MILES DIET TO DESTINATION; TO TACAN
DISTANCE FLAG DIET 510 UNREADABLE
TO-FROM INDICATES TO OR FROM TACAN
AD? HDG NODE IN TACAN OR MAN
BEARING PT #2 BEARING TO SEL AD?
TAC HDG NODE SW IN TACAB OR MAN
BEARfl~ PT #1 BEG TO TAC CMPTR DESTINATION
NODE NODE SELECT )ONITOR K CU CU CU CU CU Ci
CRSE DEV AIARI INAD~~UATE SIG ON #1 POINTER X N/A N/A A A A
OFF FLAG EWE OR IND ICATOR FAIL K A A A A A

APX-72
NODE 4 NOT REPLIED TO INTERO

NODE 4 REPLY VALID NODE 4 REPLIES
TEST PROPER l~VR-XMrR RESPONSE

___________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~ 

-— ~~~~~~~~~~~~~ LI.- - —-~~~



- ---- ---- - - - -

CM8)~~~TE A-7E FUNCTIONS FOR INTEGRATED DISPLAYS

~‘~~~I O H T  M O D E S  _ _ _ _ _  _ _ _ _  _ _ _ _  
SIGNAL CIASSIF1CATION

IN-FLT ATTACK 0 TARGET POST- TYPE OP ~ T( N&L SENSO _______

CLIMB CRUISE RifUEL APP~~~C~1 EGRESS DESC~ 1I lANDING rLIC2T ~.NAIOG DISCRETE EXISTIN~ ~ ROP0SEL

C W N/A W W w w N/A X X
A A A A A A A A X X

C C C C C C C A K X

C C C C C C C C X X

A A N/A A A A N/A A x x

C C C C C C C A K X

CU CU CU CU CU CU CU CU X x

A A A A A A N/A N/A X X
A A A A A A A A x x

20
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TABLE 2-1 CANDIDATE A-7E FUNCTIONS

SIGN]rICANT COCKPrT FUNCTIONS 
_ _ _ _  _ _ _ _ _  

F L IG H T  M O D
COMPONENT/ I MMD PEE- TAKE Th-FLT
FUNC’rIoN FUNCTION DESCRIP1~ION 

(
~LNDIDATE FLIGffl~ OFF CLIMB CRUT~~~ R~~’UEI4

tIN? FREQ RE?.VTE IND ICATOR (cOUNTER )
GUARD “GUARD” IN WINDOW WHEN 0 SEL

TACAN
GO SATISFACTORY SELF TEST
NO -GO UNSATISFACTORY SELF TEST

ACIS
TILT END OF MESSAGE OR FAILURE
ACI.S APCS STE DECOUPLED
C11) CrL RADAR U & INFO TO DATA LINK
ACL EDT RADAR U( & READY TO CONTR A/C
10 SEC 118) NOTION COMP ~~~LUDED
LDG CRI( PILOT TO MAKE PREIAZ4D CHECK
WAVE OFF DO NOT LAND
NO NSG DATA LINK ON BUT NO VALID DATA
AN/ARA.63 118) POWER ON ACIS
ifti) LPG ACIS DATA ON. mID IN LDG NODE
ADI Wi ACtS DATA ON ADI IN LDG NODE
AOA INDEXER SLOW TO FAST IND FOR LDG APPRO -

ACtS TEST TESTS FOR ACIS MALFUNCTION K A N/A N/A N/A N/A

1 
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1 CAND~~~TE A-7E FUNCTIONS FOR INTEGRATED DISPLAYS

F T~ I..LLL M 0 B S _______ _______ _______ 
SIGNAL CIASS~~ICATION

IN-FLT 1~ACK 0! ~~~~~~ POST- TYPE OP ¶JGNAL SENSO _______

CLIMB CRUISE REPUEL PPW~AL~ - W RESS DESCP.~ IA18)I~~ PT~T(~~ ANALOG - DI8CRET~ ~~L~T ING PROPOSED

N/A N/A N/A N/A N/A A A A X (2) x x

21
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~~~~~~~~~~~~~~~~~~~ a caut ion during other flight modes. Th~ definitions of the classes of
mes sages are s taller to those defined in the NATOPS Flight Manual and are:

o Warning - An emezgency situation requiring imeediate attent ion .
o Caution - A condition ‘which constitutes an impending emergency

and viii require actions in the near future.
o Advisory - A situation that warrants the pilot s attention

but is not an emergency or caut ion nature.
o Call-Up - These functions are displayed only when requested

by the pilot and not automatically as are the first
three categories .

As mentioned previously the matrix shown in Table 2-1 contains
all of the significant signals displayed in the A-7E cockpit, however,
entries are made in the flight mode columns for only the MMD candidates .
The remaining functions are not expanded into the flight mode columns since
these signals would more appropriately be displayed elsewhere, such as on an
F~gine Management, Vertical Situati on , or Horizontal Situa t ion Pisplay .
The flight modes shown in the matrix cover the major segments of a mission
from pre-f’light through post flight . ~~tri es are made in the trix flight
mode columns for each function chosen for display on the *t) shoving the
relat ive importance of the function to the flight mode. The type of signal
or sensor is also identified on the matrix . The sensor information shows
whether the signal ii analog or discrete and whether the infor mation ii
availab le from an existing sensor or a new sensor is required. A justifi-
cation for each of the reeo~~ nded new sensors is given in paragraph 3.2.

The letter entries in the matrix are coded V for warnings, C for
caution conditions, A for advisory state ents , CU for intor tion avail -
able for callup by the pilot , and NA for not applicabi. to roughly
correspond to the warning, caution and advisory light system currently in
the A-7E. Although the priority classifications of the entries closely
correspond to thos e described in the NATOPS Flight Manual , there are some
differences due to the MMD being a more versatile and more informat ive
system than the lights and instruments current ly used. Th. urgency of
each situation depends, to a large extent, on the flight mode of the

22
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aircraft which in turn determines the priority classification placed on
the entries into the matrix. In addition to the use of the NATOPS manual
in prioritizing the matrix entries, Vought staff pilots and various

- 

engineering systems specialists evaluated each of the situations as to

- 
their urgency in the various flight modes .

I..

i
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3.0 INFORMATION TO BE DISPLAYED

3.1 Data Requirements

The types of data to be displayed on the MMD will range from
single line state ments , such as subsystem status , to full page messages
and tables of system stat us and check lists. Information pertaining to an

-
. 

emergency or an out of tolerance condition will be displayed aut omatica lly
and other types of dat a will be availabl e for callup by the pilot . When
all systems are operat ing normally and the pilot has made no request for
information, the display will remain blank except for possibly some
constant test sy~~ol to indicate that the MMD is on and functioning
properly. Table 3-1 is a complete listing of candidate functions for the
*1!) and as such, serves as a quick refe renc e list which defines the cate-
gories of information available to the pilot , as well as whether the

— information is displayed automatically or manually. An M in the table
indicates a stored message is to be aut omat ically display ed on the MMD
for that particular function as a result of a warning or caution condition .
The A and CU entries are the same as the sy~~ols used in the matr ix,
Table 2-1, in that an A implies an advisory statement will, automatically
be displayed and a CU implies that the data for that function is availab le
for call-up by the pilot . The Mast er Caution Function on the list of
Table 3-1 current ly interfac es with 17 caution signals in the A-7E (some
of’ which would be displayed on an EM !)). An asterisk pr eceeds each of the
11 MMD candidates that interface with this master caut ion function .

3.1.1 Messages 
-

Any situation classified as an emergency requiring i ediate
attention constitutes a “warning” ‘while conditions that constitute an
impending emergency requiring pilot action are classified as a “caution” .
Either a warning or caution condition will cause a message to be displayed
on the *1!). The message will consist of a heading stating the situation,
followed by a set of instructions to aid the pilot in the steps he should
take to possibly correct the malfunction. The message and its priority
for a given malfunction may vary for the different flight modes • For

21e
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TABLE 3—I
TYPE OF DISPLAY FOR MMD FUN CTIONS

FUNCT ION TAKEOFF INFLIGH’l LAND ING

Turbine Outlet Pressure M CU CU
* Engine Oil Low (Qty/Press) 14 M 14
* Engine Hot M M M

Fuel Quantity cu Cu Cu
- * Fuel Low M 14 M

Mister Generator Output CU CU CU
Generator Output Near Tol Limits 14 M M

* Hydraulic Pressure Low (PC 1 , 2, or 3) M 14 M
Hydraulic Pressure (PC 1 , 2, and 3) CU CU CU
Roll Trim Position CU CU CU
Pitch Trim Position cu CU CU
Trailing Edge Flap Position CU CU CU
Leadi ng Edg e Flap Position A A A
Wheels/Flaps Warning M 14 14

Pitch, Roll, Yaw Actuator Position CU CU CU
Yaw Stab Disengaged A A A

- Pitch AFCS Disengaged A A A
Roll APCS Disengaged A A A
Speed Brake Position Cu CU Cu
Speed Brake Not Closed A M 14
Landing Gear Position CU CU CU
Landing Gear Handle Warning M M M
Nose Gear Steering Engaged A - A

* Anti-Skid Malfunction 14 - M
Tail Hook Warning A - 14
Launch Bar Malfunction 14 - 

- 
M

• W ingfold Locklever Advisory N M 14
• Fire Warnin g - M 14 M

Canopy Unlocked A 14 14

N MESSAGE(For Warning or Caution )
A ADVISORY 1~ T ICE -

CU CALL—UP
* I~8T~~ CAL?L’ ION FI1(CTIONS

25



TABLE 3—1 (ContInued)

TYPE OF DISPLAY FOR MMD FUNCTIONS

FUNCTION TAKEOFF flWLI(~~ LANDING

* Rain Remove Duct Hot N M M

- t - 
- Master Caution (Se Foot Note * )

t Liquid Oxygen Quantity - CU CU CU
* Oxygen Low 14 14 14

Approach Power Control Warning - - M

Angle of Attack CU CU CU
* Tactical Computer Failure A M A

I1’~ Not Aligned A M A
* I1’~ Platform Failur e M N M

Doppler Unreliable A M A
Air Data Computer Failure A M A
Forward Looking Radar Failure - M A

Radar Alt imeter Low Alt . Warn . - N M

Radar Altimeter System Monitor A M A
* HjJD Fai lur e A M M
* HUD Hot N M M

Projected Map Display Failure - M -
Att itude Director Indicator Off N N M
HSI Mode Select Monitor CU CU CU
HSI Course Deviation Alarm - N -
HSI Off Flag A A

M M~~SAGE (For Warning or Caution)
A ADVISORY MDT ICE

• CU CALL-UP
* 1 .STER CAUTION FU1~TIONS

26
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example , a malfunction in the landing gear system would have a different
message and priority during the cruise segment of a mission than for the
landing mode. Messages have been devised for each warning or caution

shown in the matrix of’ Table 2-1. The messages that are automatically dis-
played on the $4!) are shown in Tables 3-2 through 3_it . The messages are
divided into categories corresponding to the three major flight modes of
takeoff , inflight , and landing. The headings on each table are broad term,
for example, in Table 3-2 “Takeoff ” includes the pre-takeof’f through clii~
columns in the matrix, while the flight segment Table 3-3 includes all flight
modes from cliir~ out to descent , and. in Table 3~1~ “Landing” includes the
final phase of the descend column through the actual landing column in the
matrix of Table 2-1.

3.1.2 Advisory Statements

Situations that warrant the attention of the pilot but are
neither classified as an emergenc y or necessarily as an impending emer-

- 

gency for a given flight mode are termed an advisory. Most of the
advisories are displayed as single line statements; however , there are a
few that also have messages associated with them. For the single line
statement advisory notices , the MMD ‘would display for example , “PITCH AFCS
DIS~ IGAGED”. An advisory for one flight mode may be a warning or a caution
for another flight mode. For example, if there is an arresting hook

malfunction , it would be programeed as an advisory for the takeoff mode and
a warning for a carrier land situati on . In establishing display priorities,
the warning message would take display priority over a caution and cautions
over advisories.

3.1.3 Checklists

Checklists for display on the 114D have been inc luded as an aid
to the pilot for pre-t akeoff , takeoff , landing and postflight. An entire

preflight checklists would be too long for practical display ; therefore ,
only functions requiring status conformation prior to takeoff are included

as representative of the preflight column on the matrix of Table 2-1.
The checklists presented in Table 3-5 are in a format compat ible with the
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TABL E 3—2
MMD MESSAGE TABLE - TAKEOFF

Situation Signal Monitored MMD Message
Turbine Outlet Press Turbine Outlet Press (Before I/O)
Bel ow Preset Value 1) Turb ine Press Low

2) Abort I/O 
-

• Engine Failure 1) Turbine Outlet Press Turbine Press Low(Mode Sw I/O) 2) Weight on LG
3) A/C in Motion (Before Becoming Airborne)

1) Abort or Eject
(Airspeed must be 135
KIAS for Spinup ofEPP ) (If Imediately After I/O

and Airspeed .~~l35 KIAS )
1) Eject

(If Imediately after I/O
and Airspeed >135 KIAS)

— 1) If Unable to Eject
2) Arrest Sink Rate
3 Land Straight Ahead
4 EPP - Extend
5 Salvo Jettison Stores
6) Throttle Off
7 JettIson Canopy
8 LG - Emerg Down
9 Emërg Flap Down

Engine Oil Qty, Press I) Engine Oil Low Oil Low
or Fl ow Low (011 Press ~~12 PSI)

~
) Weight on LG (Before I/O)

1) Abort I/O if Pos
(After T/O Same as Inflight)

Engine Hot ) Eng ine Temperature Engine Hot
(Over 620°C)

1) Abort I/O if Pos
(If Airborne)
2) (Same as Infl ight Engine

- )verheat)

Fuel Quantity below ) Fuel Quantity Fuel Low• 4000 Lb 4000 Lb Sensor
1) Fuel Quantity < 4000 Lb
2) Refuel Soon as Pract.

Master Generator Output lain Power Buss !oltaqe Low 
-

near Tol Limits
) Master Gen Output

Near Tol Limits) Monitor Periodically
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TABLE 3—2 (cont’d)
MMD MESSAGE TABLE - IAKEOFF

Si tuation Signal Monitore d MMD Messa ge

Hydrauli c Press 1) Hyd raulic Press Hyd raulic Press Low
- 
. Low (<  1500 PSI) 2) Wei ght on LG

1) Abort I/O if Pos
(If A i rborne )
2) Monitor All PC Syst
3) (Same as Inflight—

see Infl igh t
PC Syst Failures )

Wheels/ flaps Not Both 1 IC Position Flap s Not Lowered
Down 2 LE Flap Position

3 IE Flap Posi tion 1) If Unab le to Lower
Flaps - Abort T/0

Failure of Landing Gear 1) Landin g Gear Positio LG Not Up
to Ind icate Up (Af ter 2) Handle Warning Signa
I/O and IC Handle in 1) Max Airspeed 220 KIAS
Whis Up) 2) Gear Handle - Down

(I f IC Down )
3) Execute Norm Landing
(If LG Not Down - See Appro-

priate LG Fai lure under
Infl ight Write —Up )

An ti—Skid Ma l function 1) An tI—Skid Caution 1) Anti — Skid Ma l funct
Signal 2) Sw Anti—Skid Off

2) LG Posi tion

Launch Bar Fails to Re- 1) Launch Bar Position Launch Bar Not Ret
tract (Carrier I/O)

1) Emerg Gen Sw - T-O/Land
2) Extend EPP
3) Cabin Press - Dump
4) Mast Gen Sw - Off Reset
(If Launch Bar Still Fai ls to

• Retract):
5) Flap Handle — ISO Util
(If launch Bar Retracts):

• 6) Land Gear - Emerg Down
7) Flaps — Emerg Down
8) Perform Norm Land ing
(If Still Fails to Retract):
6 Divert to Field
7 Arrest Cables - Remove
8 Normal Landing
9 Raise Before Taxi
(If Unable to Divert):
6 ) Hook Down
7) Barricade Arrest

29

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



TABLE 3—2 (cont’d)
MMD MESSAGE TABLE - TAKEOFF

Situation Signal Monitored MMD Message

Wing Fold Lock Lever Lock Level Position Wing Fold Lock Lever• Not Fully Lowered
1 Lock Lever Not Lowered

• 2 Check Lever Position
3 If Unable to Lower:
4) Abort I/O if Pos
(If Airborne)
5) Avoid C Forces
6) Land Soon as Pract

Fire Detection Syst. 1 Fire Detect System Fire
Indicates Fire 2 Wt on LG

3 Aircraft Motion (Before Starting I/O)
1) Throttle - Off
2) Fuel Master Handle - Off
3) Abandon Aircraft
(During I/O Roll , Field ,
Wt on LG)
1) Throttle - Off
2) Arrest Hook-Down
3) Apply Brakes
4) Transmit Intentions
5) Abandon Aircraft

Canopy Locking Malfunctio Canopy Lock Advisory (This Always Checked before
Signal I/O. If Unlock Signal

Appears after Airborne,
Message Same as Inflight)

Rain Remove Hot 1) Rain Remove lempera- Rain Remove Hot
ture

2) Wt. on IC (Before I/O)
1) Cycle Ra in Remove Sw
(If Overheat Persists)
2) Mm Pract Pwr Setting
3) Abort I/O if Pos
(If Airborne, Message Same
as Infliqht)

• Master Caution Master Caution Signal (Master Caution will cause a
message to appear on the MMD
for the particular malfunction.
For the 11 MMD Master Caution
functions see Table 3-1 ).
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4 TABLE 3-2 (conth)
- -

, MMD MESSAGE TABLE - TAKEOFF

- 
- Situation Signal Monitored MMD Messace

Oxygen Low (~~l Liter Oxygen Press /Qty 1) Oxygen Lowor ~~42 PSI at Reg) Caution Signal ?) Replenish before I/O

- Tactical Computer FailurE. Computer Fail Signal Computer Fail

~
- 

IMS Failure IMS Fail Signal I) IMS Failure(AD! Off Flag) 
~
) Use Stdby AD !

IMS Platform Fai lure 1) IMS Platform Fail I) IMS Fa il ure
Sianal (If A irborne, Message Same as

2) ADI Off Flag Signal ~nf1ight)

- HOD Failure HOD Fail Signal ) IBiD Fail
- - - 

) Use Backup Functions

HUD Hot HOD Hot Signal ) HOD HotI ) Turn Off until
Absolutely Needed

- 

AD! Off Flag AD! Off Signal ) AD! Off) Use Stdby AD!
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TABLE 3-3
MMD MESSAGE TABLE - INFLIGHT

Situation Signal Monitored MMD Messaqe

Engine 011 Qty Engine Oil Caution Siana Engine Oil Low
Press or Flow
Low (Press<l2 PSI) 1) Throttle - Mm Pract

2) EPP - Extend
3 Avo id Power Changes
4 Avo id Accelera tion
5 Lan d ASAP
6) Shut Down ASAP

j 
- 

Engine Hot Engine Hot Signal Enaine Hot
(Iemp>620° C
But No Indication 1) Monitor TOT
of Fi re) 2) Reduce Power

(If Temp Remains over
620°)

3) Throttle - Id le
(If Temp Remains over
6200)

4 If Altitude Permits:
5 Extend EPP
6 Emeq Gen Sw - Cruise
7 Throttle - Off
8) Perform Air Start
9) Land If Pos

- 
Fuel Quantity Low Fuel Low Signal Fuel Low

- - (~~l35O Lb)
1) Fuel Qty~~ 1350 lb2) Refuel Soon as Pract

Master rienerator Main Power Buss Voltage Low
Output Near Tol.
Limits 1) Master Gen Output

Near Tol limits
2) Monitor Periodically

Failure of All PC System 1) Hydraulic Pressure Hydraulic Fail
2) All PC Syst Pressure

• (1500 PSI M m )  1 Extend EPP
2 Eme rg Gen Sw - Off
3 Airspeed 200 KIAS Max

(If EPP Restores Control )
4) Land ~SAP5) Flaps Up Recommended
6) Short Field Arrest

(If EPP fa i ls to Restore
Control )

4) Eject

• I 
— 
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TABLE 3—3 (cont~)MM!) MESSAGE TABLE - INFLIGHT

Situation Signal Monitored MMD Message

Failure of PC1 or PC3 1) Hydraulic Pressure PC1 or PC3 Fail
2) All PC Syst Pressure

(1500 PSI M m )  1 Flap Handle - ISO Otil
2 Monitr Remain PC Press

• 3 Antiskid Sw - Off
4) Land Soon as Pract

Failure of PC2 1) Hydraulic Pressure PC2 Fall
2) All PC Syst. Pressur

(1500 PSI M m )  (Message same as for PCi
or PC3 Failure)

Failure of PC1 and PC2 1) Hydraulic Pressure PCi and PC2 Fail
2) All PC Syst Pressure

(1500 PSI M m )  1 Faip Handle - ISO Util
2 Jettison Ext Stores
3 Max Airspeed 200 KIAS
4 Antiskld Sw - Off
5) Land Soon as Pract

Failure of PC1 and PC3 1) Hydraulic Pressure PC1 and PC3 Fail
2) All PC Syst Pressure

(1500 PSI M m )  1 Flap Handle — ISO Uti l
2 Jettison Ext Stores
3 Speed Brk Sw - Off
4 Max Airspeed 200 KIAS
5 Anti-Skid Sw - Off
6 Land Soon as Pract

Failure of PC2 and PC3 1) Hydraulic Pressure PC2 and PC3 Fail
2) All PC Syst. Pressur

• (1500 PSI M m )  1 AFCS Enga Sw — Cont Aug
• 2 Jettison Ext Stores

3 Max Airspeed 200 KIAS
• 4 Flap Handle - ISO Util
• 5) Anti-Skid Sw — Off

6) Land Soon as Pract
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TABLE 3—3 (cont.)
MMD MESSAGE TABLE - INFL IGHI

Situation Signal Monitored MMD Message

Flaps Not Up While 1) IC Position Flaps Not Up
Wheels Up 2) LE Flap Position

3) TE Flap Posi tion 1) Max Airspeed 200 KIAS
2) Flap Handle — Check Up
3) Flaps — Cycle

(If Malfunction Still
Exists in LE Flaps or
Both LE and TE)

4) Flap Handle - ISO Util
5 Flap Handle - Up
6 Return to Base
7 Avoid G Forces
8) Max Speed 200 KIAS

(If Malfunction Still
Exists in IE Flaps)

4) Flap Handle — Up
5) Return to Base
6) Avoid C Forces
7) Max Speed 220 KIAS

AFCS Malfunctions 1) AFCS Engage Sw En- Pitch or Rol l Malfunctf (Pitch or Roll) gaged
2) Yaw Stab Sw in Sta b 1) Stick AFCS Sw - Ac tuate
3) Yaw, Pitch, and Rol l 2) AFCS Modes - Checked Off

Advisory Signals 3) Trim Aircraft Normally

(Yaw ) Yaw Maifunct

1) Yaw osc i llates or has
uncalled inputs

2) Yaw Stab Engage Sw - Off
Runaway Pitch Trim None Runaway Pitch Trim
(Callup by Pilot)

1 PItch and Roll Trim
• 2 Di sc on~~~t Sw - Off

• 2 Roil Trim -On
• 3) Land Soon as Pract

Inoperative Pitch Trim None Inop Pitch Trim
• (Callup by Pilot )

1) Pitch and Roll Trim Sw —
• Off Th~~Thn2) Attempt Stick Trim Sw

3) If Stick Trim Fai ls to
Respond —

4) AFCS Engage Sw — Attd
5) Land Soon as Pract.
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TABLE 3—3 (Cont.)
MMD MF SSAGE TABLE - INFLIGHT

Situation Signal Monitored MMD Messaae

Runaway or Inoperative None Rol l Tr im Maifunct
Roll Trim
(Callup by Pilot ) 1) Rol l and Pitch Trim

Disco Sw - Off
2) Pitch Trim - On
3) AFCS Enga Sw — Cont Aug
4) Land Soon as Pract

Speed Brake Fails to 1) Speed Brake Advisory Spd Brk Not Ret
Retract Signal

• 2) Speed Brake Position 1) Cycle Spd Brk Sw to Clo
2 Max Speed 200 KIAS
3 Flap Handle — ISO Util
4 LG Handle - Whls On
5) Brk Should Close and

IG Stay Op
6) Resume Cruise Speed

Landing Gear Not 1) LG Position IC Not in Sel Pos
Locked in Up Position 2) Handle Warning Signa

1) Max Airspeed 220 KIAS
2) Obtain Vis Ck if Pos
3) If Doors Not Fush with

Fuselage
4) Gear Handle - Down
5) If Gear Down, Dont Cycle
6) Execute Norm Landing

Wing Fold Lock Leve r Loc k Leve r Posit ion Wing Lock Lever
Not Fully Lowered

1) Check level Position
- 2) If Unable to lower:

3) Avoid C Forces
4) Land Soon as Pract

Engine Overheat or En— 1) Fire Detection Signa Engine Hot or Fire
qine Compertmant Fire 2) EngIne Hot Signal

• 1) Throttle — Idle
• 2) Investi gate Evidence

3 If No Fire Evident:
4 Return to Base
5 Use Minimum Power
3) If Fire Confi rmed
4 Extend EPP
5 Throttle - Off
6 Air Restart if Pract
7) If Fire Persists - Eject
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TABLE 3—3 (Cont.)
1410 MESSAGE TABLE - IIIFLIGHI

;• t

Situation Signal Monitored MMD Message

Wheel Well Fire Wheelwell Fire Indicator Wheel Well Fire
• Signal

• 1 Get Confi rm If Pos
2 If Fire Exists

• 3 Eject

Electrical Fire Mcine Electrical Fire
• (If electrical fire 5U5 ’ 1) Mast Gen Sw - Off Resetpected and MMD still 2 Emerg Sw - I/O Landoperat ive, Pilot can 3 EPP - Extendcall—up this message. 4 Nonessent Equip OffNot automatic.) 5) If Fire Persists:

6 Emerg Gen Sw - Off
7 VFR Cond - Land ASA P
8 IFR Cond - Eject

Canopy Locking Canopy Advisory Signal Canopy lock Malfunct
Malfunction

• 1) Lower Visor
2) Ck Lock Lever
3) Reduce Speed
4 ) Lowe r Seat
5) Descend
6 Stow Loose Gear

- • 7 Land Soon as Pract
8 Don’t Use Spd Brake
9) Avoid Abrupt Maneuvers

Rain Remove Hot Rain Remove Caution Rain Remove Hot• 
- (>290°F) Signal

1) Retard Throttle
2) Rain Remove Sw - Cycle

(If Overheat Persists)
3) Mm Pract Pwr Setting

• 4) Return to Base

Master Caution Master Caution Signal (Master Caution will cause a
• message to appear on the MM!)
• for the particular malfunction .

For the 11 MMD Master Caution
f unction s see Table 3—1 .)

Oxygen Low Oxygen Low Signal Oxygen Lowtic 1 LIt er) -

- 
1) Oxygen ~ 1 Liter2 Descend to c 10K Ft

4 3 Monitor Oxy Qty
4 land Soon as Pract

_ _ _ _
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TABLE 3— 3 (Cont.)
MMD Message Table - Inflight

• 

~~ Situation Signal Monitored MMD Message

Oxygen System Fails or 1) Oxygen Pressure/ Oxygen Failure
• • Main Supply Empty Quantity

1) Emerg Oxy Handle - Pull
2) If Mask Breathing

• 
- 

• Still Difficult -
3 Ck Mini Req
4 Ck Hose Connections
5 Ck if Oxy Valve On
6 Ck Oxy Quantity
7) Emerg Dscnd to c 10K Ft
8) Remove Mask
9) Cockpit Press - Cab Dump

- 
10) Emerq Vent - Open

Tact Computer Failure Computer Fail Signal Compute Fall

IMS Not Aligned or 1) I~~ 
Not Aligned Sig. IMS Not Aligned

Difference Between IMS 2) Doppler Fail Signal
and Doppler (If Doppler Operating Prop.)

1) Fly Strt and Level
For 2 Mm If Pos

(If Still Not Aligned )
2) Sw IMS Off and Back On
3) Fly Strt and Level

For 2 Minl f Pos
(If Still Not Aligned)
4) Use Stby Comp

• IMS Platfor m Failure I) IMS Platfo rm Fail IMS Fail
Signal

!) AD! Off Flag Signal (If In TF Mode)
1 Climb Ininedlately
2 Turn IMS Pwr Off
3 IMS Pwr On

• 4) Fly Strt and Level
For 2 Mm If Pos

(If  Failure Sti l l  Ex ists)
• 5) Use Stby Comp & ADI

• (If Not in IF Mode, Step 1
Not Needed

Doppler Failure oppl er Fail Sign al Doppler Failure

1) SW Dopp ler to Stby
For 10 Sec & Beck On

(I f Failure Still Exists)
a 

~) INS Automatically Pure
Inertial
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TABLE 3—3 (Cont.)
MMD MESSAGE TABLE - INFLIGHT

Situation Signa l Monitored MMD Message
Air Data Computer ADC Advisory Signal Air Data Conip Fail

- 
- Fai lure  If Caused by Icinq )_

This Sho uld Clear It) 1) Use AOA as Airspd m d
2) Dbl Dat/Pit Sw — Pitot

• (If Malfunc tion St ill
Exists After 60 Sec)
3) Descend Slowly To

8000 Ft Cabin Alt
(Approx 23,000 Ft)

4) Open Emerg A ir Vent
5 Cockpit Press—Cabin Dump
6 Use Cabin Alt Above 5K
7 Doppler for Gnd Spd

Forward Looking Radar FLR Fall Signal FIR Failure
Fai lure

(If in IF Mode)
1) Cl imb immediatel y
2) Ensure Target Al t

Entered In Computer
3) Insure MSIP

Entered In Computer
4) Raage to Target Auto

Using Aim Symbol & Alt

— Rada r Altimeter Low Al titude Warn Sicj Altitude Low
Low Alt Wa rning

1) Bel ow Sd Alt Limi t
2) Climb

Rada r Al timeter Radar Alt Continuous
Sys tem Malfunction System Monitor Altimeter Fail

1) Radar Alt Fail
2) Use Baro Alt and FIR

HUD Failure HOD Fail Signal HOD Failure (Cruise Mode)• Attack Mode Only:
• 1) Turn on Stby Reticle

• 2) Calculate Pull—U p Mar
3) Stby Ret Depr Control

Second Detent
4 ) Steer Ti ll Stby Ret

Over lies Target
5) Desig nate When Target

In Center Stby Reticle
6) Hold Arm Re1 Sw~~~onappro to Target
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TABLE 3—3 (Cont.)
1410 MESSAGE TABLE - INFLIGHT

Situation Signal Moni tored MMD Message

HOD Hot HOD Hot Signal HUD HOT

1) Turn HOD Off Until
• Abso lutely Needed

PMDS Fai lure PMDS Fail Flag Si g PMDS Failure
1) Switch to Manual
2) JoystIck Slews Display

AD! Off Flag AD! Off Flag Signal AD! Off

(If  in IF Mode
1) Climb bmnediately
2) Use Stby AD!
If Not In IF Mode Step 1 Not
Needed)

HSI Course Deviation 1) HSI Course 0ev HSI Devia Al arm
Alarm Alarm Sig
(Effective Only wi th Mode 2) Mode Select Mon i tor 1) Tacan Brng Inadequate
Heading Sw in Tacan Pos) 2) Swi tch to Auto Nay or

Man Heading

HS! Off Flag HSI Off Flag Signal HS! Off

1 Check HSI Off Sw
2 If HSI Fai lure —
3 Use HOD and Nag Comp
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TABLE 3-4
MMD MESSAGE TABLE - LANDING

Situation Signal Monitored MMD Message

Engine Oil Qty, Engine Oil Caution Si qna Engine Oil low
• Press or Flow Low

(Press 12 PSI) 1) Ihrottle - Mm Pract
2) land ASAP

• 3) Shut Down ASAP

Engine Hot Eng ine Hot Signal Engine Hot
(TOT 620°C But No
Indication of Fire) 1 Throttle - Mm Pract

2 Monitor 101 if Pos
3 Lan d Soon as Prac t

Fuel Quantity Low Fuel Low Signal Fuel Low
(‘ 1350 Lb)
— 1) Fuel Oty c 1350 Lb

Master Generator Main Power Buss (Message same as for inflight)
Near Tol limi ts

Hydra ulic Pressure Low Hydraulic Press Caution (Same as the 6 Inf light PC(c 1500 PSI) Signal System Failure Messa ges)

Wheels Down But TE Flaps 1 IE Flap Position TE Flaps Not Down
Not Down 2 PC2 Hydraulic Press

3 LG Position 1) Max Airspeed 220 KIAS
(Sense from up to down) (If PC2 Pressure Normal)

2) Force Flap Handle
Agnst On Sw and Hold

3) Incr Spd to 210 KIAS
4) Cycle Flaps
(If Mal func .ion Still Exists)
5) Flap Handle — ISO Otil
6) Emerg Flap Sw - Emerg Dn
(If Flaps Still Not Down Go
to Flaps Up landing)

• Ashore ~~ 7) During Taxi :
Flap Handle — On

Carrier ~ 7) Before Raising Hook :
• Fl ap Handle - Dn
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TABLE 3-4 (Cont)
MMD MESSAGE TABLE - LANDING

Situation Signal Monitored MMD Message

Assyninetrical Flap 1) Flap Position Assyninetric Flaps
Condition

2) Land ing Gear 1) Emerg Flap Sw - Emerg On
Position 2) Check for Control

• (sense from up to 3) Land at 17•5 Units AOA
down) (If Unable to Obtain

Symmetrical Flaps )
4) Jettison Stores on

Up-Flap Side as Needed

Fla ps Up Landing, Ashore Flap Position Flaps Up Landing
Arrestment Feasible

1) Reduce Gross Wt
2) StraIght-In Approach
3) AOA - 18 Units
4) Fly Flat Gl ideslope
5) Short or Midfld Arrest

Flaps Up Land ing , Carrie Flap Position Flaps Up Land-Carrier

1) Diver t
(Res t of Messa ge Same as
for Ashore )
2) If Unable to Divert

Barracade Arrest

Flaps Up Landing , Ashore Fl ap Position - - 

Flaps Up Landing
Arrestment not Feasible

1) Runway - Long, Dry
2) Max Headwind Component
3) Reduce Gross Wt
4) Straight-In Approach
5) AOA - 18 Units
6) Fly Flat Gl ideslope
7) Ich On Near Appro End

• 8) Throttle - Idle
• 9) Braking - Aerodynamic

• Speed Brake Not Closed 1) Speed Brake Advisory Spd Brake not Closed
• Si gnal

2) Speed Brake PositIon 1) Spd Brake Pos is _
(Posi tion to be supplied )

Landing Gear Not Down 1) Landing Gear Warning Landing Gear Not Down
When Down Position Signal
Selected 2) Landing Gear Positio 1) (Select Message for

Particular LG Fai lure )

41.
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TABLE 3- 4 (Cont)
MMD MESSAGE TABLE - LANDING

Situation Signal Monitored MMD Message

Landing with All Landing 1) Landing Gear Positio Landing With LG Up
• Gear Up (Field) 2) Landing Gear Warning

• Signal 1) Have Runway Foamed
2) Have Rol lout  Area Clr

• 3) Execute Mm Sink Rate
4)  At Touchdown :

— Throttle - Off
5) Fuel Master Handle - Off
6) Mast Gen Sw - Off Reset

Landing with All Landing 1) Landing Gear Positio Landing With LG Up
Gear Up (Carrier) 2) Landing Gear Warning

Signal 1) Divert If Possible
2) If Unable to Divert
3) Hook Down
4) BarrI cade Arres t

Landing with Nose Gear U~ 1) LandIng Gear Posit lo Nose Gear Up Landing
(Field) 2) Landing Gear Warning

Signal 1) Norm Land W/O Arrest
2) Have Rollout Area Cir
3) Near End of Pitch Control

Throttle - Off
4) Fuel Master Handle - Off
5) Mast Gen Sw - Off Reset

landing with One or Both 1) Landing Gear Positlo Main Gear Up Landing
Main Gear Up (Field) 2) Landing Gear Wa rning

Signal 1) Have Runway Foamed
2) Avoid Hi Sink Rate
3) Short Field Arrest
4) Following Arrest:

Throttle - Off
• 5) Fuel Master Handle - Off

6) Mast Gen Sw - Off Reset

• Landing with One or Both 1) Landing Gear Positio Main Gear Up Landing
Main Gear Up (Carrier) 2) Landing Gear Warning

• Signal 1) Divert if Possible
• 3) Tail Hook Position 2 If Unable to Divert

3 Extend Arres t Hook
4 Barr icade Arres t
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TABLE 3-4 (Cont)
MMD MESSAGE TABLE - LANDING

Situation Signal Monitored MMD Message

Land ing w ith Nose Gear 1) Land ing Gear Pos i t lo Nose Gear Up Land ing
• Up (Carrier) 2) Landing Gear Warning

• Signal 1) Divert if Possible
• 3) Tail Hook Position 2) If Unable to Divert

3) Extend Arrest Hook
4) Avoid Hi Sink Rate
5) Barricade Arrest

Landin g wi th One Main 1) Lan ding Gear Pos itl o (Same as for One or Bo th
Gear and Nose Gear Up 2) Landing Gear Warn ing Main Gear Up)

Signal

Anti-Skid Malfunction Anti-Skid Caution Signal (Same as messa ge
for Takeoff)

Arresting Hook Up or 1) Hook Handle Warning Arrest Hook Fail
t Failed (Carrier) Signal
f 2) Hook Position 1) Divert if Possible

2) If Unable to Divert
— 3) Barricade Arrest

Free Swinging Arrest 1) Hook Handl e Warning Free Swinging Hook
Hook (Carr ier) Signal

2) Hook Position 1) Attempt Norm Arrest
2) If unable —

3) Di vert
4) If Unable to Divert

f 5) Barricade Arrest

Launc h Bar Retrac ted 1) Launch Bar Warn ing Launc h Bar Unsa fe
Indicating Unsafe Signal

2) LG Position 1) Arrest Cables - Remove
2) Normal Landing
3) If Arrest Not Removed
4) EPP - Extend
5 Emerg Gen Sw - TO/Land

• 6 Mast Gen Sw - Off Reset
7 Cockpit Press - Dump

• Ashore 8) Normal Landing
• Carrier -

~~~~~~~ 8) Perform Norm Arrest
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TABLE 3—4(Cont)
MMD MESSAGE TABLE - LANDING

Situation Signal Monitored MMD Message
Wing Fold Lock Level Not 1) Wing Fold Advisory (Message same as forFull y Lowe red Si gnal infl ight )

• 
- 2) IG Posi tion

• Fire or Engine Overheat 1) Fire Detection Signa Engine Hot or Fire• (Engine Compartment) 2) Engine Hot Signal
3) LG Pos it ion 1) Inves tiga te for Fi re

~
) If Pos - Land ASAP

Fire in Wheel Well Wheel Wel l Fi re Detect Jheel Wel l Fi re
Signal

1) Get Ex t Confi rm if Pos
~
) If Pos — Land ASAP

Electrical Fire (Same as for Infl ight) (Same as for Inflight)

Canopy Lockina Malfunc— Canopy Advisory Signal (Same as Inflight )
t ion

Rain Remove Hot Rain Remove Caution tam Remove Hot
(>290°F) Signal

1) Retar d Thro t if Pract
“) Rain Remove Sw - Cycle
(If Overhea t Pers ists)

3) Mm Pract Settin g
I) Land Soon as Pract

Master Caution Master Caution Signal taster Caution will cause
i message to appear on
:he MMD for the particular
&function. For the 11
IMD Mas ter Caution Func tions
ee Table 3—1.)

Oxygen Supply Low - Oxyoen Low Signal )xygen. Low
( cl Liter)

F )  Oxygen ~ 1 Liter

~
) Land Soon as Pract
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TABLE 3—4 (Cont.)
MMD MESSAGE TABLE - LANDING

Situation Slana l Monitored MMD Messaoe
Oxygen System Fails or Oxygen Pressure /Quant ity Oxygen Syst Fail
Main Supply Empty• 1) Emerg Oxy Hand le - Pul l

2) If Breathing Still Dif
• 

• (And If Below 10K Ft)
3) Remove Mask
4) Cock pit Press - Cab Dump
5) Emerg Vent — Open
(If Above 10K Ft -
Same as Infl ight)

Approach Power Control 1) APC Warning Signal APC Dissenqage or Fail
Dissinqaqe Failure 2) Enciaae Sw Position- - 

1) Force Throttle Forward
to Sheer Pin

Approach Power Control APC Warning Signal APC Not Engaged
Syst in Stby or Disenga

1) APC Sw On If APC
Landing Desired

Iactfcal Computer Failure Computer Fail Signal Computer Fail

INS Platform Fa ilure IMS Fai l Signal (Messa ge same as for Takeoff )
Radar Altimeter Low Alt Low Altitude Warning Low AltitudeWarn ing Signal

1) Below Sd Alt Limit

HIJD Fai lure HIJD Fail Signal HOD Fai lure

1) Use Backup System

MUD Hot HUD Hot Signal (Messa ge same as for inflight )
AD! Off Flag AD! Off Flag Signal AD! Off

• 1) Use Stby ADI
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~ TABLE 3-5

CHECKLISTS

PRETAKEOFF CHECKL IST TAKEOFF CHECKLIST
• 

1. ~uel-Checked 1. Doub Dat/Pit-Pitot

• 2. Wingfol d-Checked 2. Throttle-MIL

-
~ 3. Flaps-Down 3. Flight Controls-Check
1 4. Yaw stab. SW-Stab 4 . Engine Instr-Check

5. Antiskid SW-Antiskid 5. Warnings/Cautions-Off

6. Trim-Set for 1/0 6. Advisories-Checked

7. Harness-Locked

(Press for Page 2) LANDING CHECKLIST

- 
8. Launch Bar SW-Off 1. Throttle—70%RPM

9. IMS/Head Indicators-CK 2. Speed Brake-Extend

10. Canopy-Locked 3. Below 22OKIAS
Wheels-Down

- 
I i .  Therm Cb s-Off/Locked . Flaps-Down

- 
- 12. Ejct Contr . Handle-Arm 4. Speed Brake-Close

13. Doppler-On 5. Arrest Hook-As Req.

- 
14. Temp contr—lO cbock &. Harness—Locked

7. Antiskid-As Req.

I 
- - 
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TABLE 3-5 (Continued)
CHECKL I STS

POST FLIGHT CHECKLIST

1. Check Warn , Caut, Advis. 11. Doub Dat/Pitot-Off

2. Log Malfunctions

3. Antiskid SW-Off 12. Flap Handle-Up

4. Nose Gear Steer-Engage 13. Gear Gndlocks-Install

5. Defog SW-Off 14. Wingfold-As Desired

6. Cockpit Pr-Cab Dump 15. Corn/Nay Switches-Off

7. Canopy-As Desired 16. IMS Mode SW-~Off

8. Cockpit PR-Cab Press 17. Wheel Chocks-In Place

9. Radar-Off 18. Tact Comp SW-Off

10. Rain Remove-Off

(Press For Page 2)
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character and line nun*er requirements that were suggested by NADC for
th e MMD .

3.1. 14 Callup Ftinctions

In addition to the Warning, Caution and Advisory information
which is automatically displayed on the MMD , additional informat ion is
available for display that can be requested by the pilot and are referred
to as callup functions . The callup function would display information

-

‘ 

such as subsystem status , expendables remaining, or surface positions
when requested by the pilot. Typical examples include hydraulic pressure ,
fuel quantity, or flaps position . These functions are listed on the matrix
of Table 2-1 as CU. As a point of further clarificat ion concerning the
callup functions, it should be understood that all information classified
as callup could be pr ograme d for aut omatic display during certain mission
segments or situations if so desired or deemed necessary.

3.2 New Sensor Bequirements

A total of nine new sensors reco ended for the A-7E to provide
better utilization of the M1’fl) are shown in Table 3-6. Some of the new
signals would provide added information to be displayed on the MMD that is
not currently available , such as added fire detection coverage. Others
are needed to sense that switches for a given function are in the proper
position for the message being displayed. This would eliminate the need

for manual entry of such information into the computer . The term “sensor”

in this case is broad term and includes such things as wire connections

and switch closures as well as the addition of thermistors. Each of the
new sensors, their functions and justification for adding them is described

I ~ in following paragraphs.

3.2.1 Fuel Low

it An additional fuel level sensor is recomeended for the take-off
mode since the A-7E flight Manual recomeends no take-off with less than
4,000 pounds of fuel. The sensor would be the sa type as the one

I -
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• TABLE 3-6

New or Add-On “Sensors ”

Signal Type Added Flight
- 
. 

Monitored “Sensor” Ckts Rq ’d Mode

Fuel Low Thermistor Signal Take-off
(<4000 Lb) Conditioner

Ma in DC Power W ire Al l
Buss Connect ion

AFCS Sw. Switch with Switch All
Pos iti on Extra Poles Closure Sense

Yaw Stab. Switch with Switch All
Sw. Pos iti on Ex tra Poles Closure Sense

Fire Detect Hea t Sense Detection Al l
(Wheel Well ) Element Control Unit

} - APC Engage Swi tch wi th Switch Landing
Sw. Position Extra Set of Closure Sense

Poles

Radar Altimeter *Modlf icatlon of the Self-Test Circuit All
System Fail for Continuous Monitor

HSI Mode Select Switch with Switch All
Monitor Extra Set of Closure Sense

Poles

ACLS Test **Modifjcation of the Self-Test Landing
Circuit for Continuous Monitor

The ma in DC power Buss mon itor wi ll requ ire A/D convers ion , and there are

also 12 exIsting analog signals that will require A/D conversion before

• computer processing.

* See paragraph 3.2.6
** See paragraph 3.2.8

4
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currently used to provide the inflight fuel low caution signal , which is a
thermistor with associated signal conditioning circuitry. The new sensor

would be placed in the fuel system in such a way as to produce a discrete
caution signal when the fuel level is less than 4,000 pounds.

3.2.2 Main DC Power Buss

Currently there exists in the main power generator system, a

go/no go indicator, with no monitor for the voltage value. It is recom-
mended that the volt age level be monitored so that the computer can supply
a caution signal on the P04!) to indicate the generator output is approaching
a tolerance limit and the actual voltage level can then be monitored if the
pilot wishes to do so. The only circuitry necessary to accomplish this
task is a wire connection from the main DC power buss to an A/D converter
input to the computer that will accept 28 VDC.

3.2.3 AFCS Engage Switch and YAW Stab Switch Positions

In order to display AECS advisory and failure messages on the
MMD, it is necessary for the computer to sense that the AFCS Engage and
YAW Stab switches are in the proper positions for the respective messages.

The pilot can feel that a malfunction, such as oscillations, has developed
in the AFVS and can call up messages to be displayed on the MMD for advice
concerni ng the malfunction , however , an advisory notice that the YAW,
PITCH or ROLL is disengaged when the switches have been placed in the
engaged position is not a current capability. This capability can be
added by a relative ly simple means through the incorporation of a new APCS

• Engage and Yaw stab switch with an extra set of poles for sensing the
switch closure for the respect ive position.

3 .2,4 Fire Detection Sensors

Incorporation of additional fire detection sensors in the wheel

wells of the A-7E has been suggested as a necessary addition, since the
current fire detection system covers only the engine compartment . The

I
; wheel well fire detection syst would be either similar to , or an

L
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expansion of the present engine compartment fire detection system with the
a sensor information interfaci ng the central computer (Tc-2A ) for possible

display on the MMD .

3.2.5 Approach Power Control Engage Switch Position

In the event the Approach Power Control (APc ) malfunctions duri ng
an APC landing, the pilot can switch the APC engage switch to OFF and

& 
normally regain nual control. However , if the APC fails to disengage
after being switched off , a brief message can aut omatically be flashed on
the MMD to remind the pilot what to do. In order to accomplish this , the
computer must be able to sense the A~~ engage switch position and warni ng

L 
signal. The warning signal is an existing function but to sense the switch

L 
position, it is reco~~~nd ed that a new switch with an extra set of poles
be installed to provide a switc~i closure signal.

3.2.6 Radar Altimeter System Monitor

The Radar Altimeter current ly has a self test funct ion that
is initiat ed manually. It is suggested that the Radar Alt imeter System be
modified to inc lude a continuous (or periodic ) self test to be monitored
by the computer so that in the event of a failure , an adviso ry notice can
be displayed on the P14!). The test can be initiat ed by the computer by
supplying a ground (±O .5VDC ) to the alt imeter and between tests the
computer would be req uired to ‘pp].y an open (or 5.0 to 30 VDC ) . The
response from the altimeter for a valid test is a readi ng of 2.80 to 3.20
VOC which corresponds to an altit ude of 100 ±10 ft.

3.2.7 1~~I Mode Select Monitor

It is necessary for the computer to monitor the Horizontal
— Situation Indicator (i~~t) mode select switch position in order to provide

the P04!) with advisory informat ion concerning which mode has been selected .
Another reason for monitoring the mode select switch position is that the
}~~I course deviation alarm signal , which is to be displayed on the MMD , is
only effective in the TACMI mode . A relat ively simple means to accomplish
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this , as has been suggested for some previous function s, is to replace
the current mode select switch with one that has an extra set of poles to
provid e switch closure signals to the comput er .

3.2.8 ACLS Test Monitor

The ACLS self test can only be performed when the Radar Beacon
• monitor switch is the ACLS position. It is necessary then to monitor this

switch position in order to allow the computer to initiate the self test
and to process the results for display. The switch can be replaced by one
having an extra pole to give a switch closure for the test position. The
test is initiated by supplying a 28V discret e to the radar beacon. The
response for indicat ing proper operation is a 28V discrete from the radar
beacon after two to three seconds from the inItiation of the test .

4
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4 .o A-7E/P14D INT~~ FACE RE~ JIRF~4~2~FS

4 ,1 Pilot Interface Study

-A brief study of the pilot’s interface with the MMD was conducted

and recoemendat ions were made concerning pilot workload as well as types of
informat ion to be displayed on the MMD. The information display study
result s are presented in Section 2 .2.1 and the pilot workload and display
design recoemendations are presented herein.

4.1.1 Pilot Workload Considerations

The effect on pilot workload is a primary consideration for any
new piece of equipment installed in a cockpit . Ideal ly, any new addition
to the cockpit should yield increased efficiency as well as capability.

The development of the A-7E from the A-7A/B aircraft is an excellent

example of increasing weapon system capability with no increase In operator
workload.

One major objective of the P.94!) therefore is to present the pilot
with additional required information only when such information is needed,
end with no attendant increase in pilot workload. General guidelines for
presentation of information on the 1.94!) with no increase of pilot perceptual/

cognitive workload are:

a. Full utilization of *1!) system capability to provide clear
and concise messages.

b. Esclusion of all massages that do not directly assist the
pilot in perfor ming his task .

c. Establishment of a priority system for message display.
• d. Pull utilization of the priority system in establishing

which message to display.
e. Consideration of priority and time constraints in establishing

format .
I. Full auto mation when a fixed respons e is required because of a

fixed set of conditions.
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g. Selective addition of sensors to provide the above.

Acceptable psychomotor work load is maint ained by implementin g the
perceptual/cognitive workload criteria plus the following:

a. Holding M)~) controls end control actions to a min imum .
b. Automation to the extent that no action is required to

obtain a critical (or t ime critical ) message unless it has
been preempt ed by a more critica l message. If the full
message is preempted , the short form warning/caution is dis-
played and the full message must be readily available through
a single action.

c. Automation to the extent that a maximum of three actions are
required to obtain any appropriate message. (An action is
defined as reading or actuating. )

Human reliability is enha nced by total workload reduction ,
careful selection of display format , clarity of each message, and bi-level
display dii ing with no cutoff .

4.1.2 Display Design Rec ommend ations

The recoemended informat ion forma t to be displaye d is a rectangular
usable viewing area of 5” x 7” having a character size of 0.18” H x 0.11” W
(Ave.) with a stroke width and character spacing of 0.025” and the space
between lines of 0.18”. For this size viewing area and format, a message
of 18 lines with 24 characters per line could be displayed. The actual
size of the display, of course, depends upon the installation configur ation
selected. This selection will also determine the nu~~er of message lines
and characters that can be displayed. The minimum display size should be
no less than 3.65” x 5” with a character size of no less than 0.15” H x
0.09” W and a line spacing of no Less than 0.15” .

4.2 Softwsre Requirements

This section contains a study of the software requirements for
4
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the MMD which includes a character count of the message text and an upper
level functional flow description to determine the necessary computer
speed and memory to process and store the MMD data. This study also
included an investigation to determine if the TC-2A computer in the A-7E
would have adequat e reserve operati ng speed and memory to meet the MMD

• software requirements .

4.2.1 Character Count

The nuither of inputs required for generating the P411) messages
consists of 1i6 discretes and 15 analog signals , which includes 9 new
discretes and 1 new analog signal. The 87 messages contained in the
message table plus the preflight and postflight checklists make up a total
of 1465 lines of text . The total nu~~er of characters contained in the
message table of text ( inc luding spaces ) is 7550, provided that there is
no duplication of messages; i.e.,  if a given message is the same for
takeoff and for inflight , only one message will be stored in core . In
addition to the messages , there ar e 15 one line adviso ry stat ement s with
an aver age of 17 characters per line . The checklists for pret akeoff ,
takeoff, landi ng and poetflight contains 880 characters which bri ngs the
total nu~ber of charact ers to 8655. This would normally require 11328,
16 bit words of memory . There are also 16 csl].up functions .

4.2.2 Upper Level Functional Flow Chart

The upper level functional flow chart for P14!) software is shown
in Figure 1*-i. The execut ive function perfor ms the power-up initializati on,
monitors system opera tion , schedules task execution , processes int errupt s
and allow, their reoccurrence , determi nes operating mode , and interfaces
with the input/output routines . The dat a inputs and input dat a formatting
in concert with the executive function , per f orms data gathe ring, formats
and store s newly received data , and filt ers or “smoothes ” input dat a as
required. The emergency conditi on., test uses newly received dat a to make
tolerance and limit checks. Th. display priority determinati on function
makes determi natio ns based upon the result s of the emergency conditions
test and the pilot reque sts , and assigns priorities for the display of
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messages. The variable display data calculations and formatting function
performs calculat ions to convert variable input data to the type of units
for display and stores the new data for inclusion in the appropriate

message(s). The pilot request processing function in concert with the
executive function , processes display requests, determines required infor-
mation and assigns a tentative priority. The message selection, character
(data) moving , and dat a outp ut function selects requested messages from
the data message, adds special message parts as required, does any message
concentration requested, and moves appropriate data to the output message
buffer(s). The data message set is the set of prestored or “canned ”
messages to be used as selected for outp ut to the display . Each line of
a message will be stored as one of four types :

1. A total statement , i.e., “ABORT TAKEOFF” .
2. A true/false statement; i.e., “LANDING GEAR (IS ) (IS NOT ) UP” .
3. A multiple Choice statement; i.e., “AFCS (YAW)(PITCH)(ROLL)

DISENGAGED”.

4. A fill in the blanks statement; i.e., “TURBINE OUTLE’r PRFZS
is ( )“ .

4.2.3 Estimation of Memory Requirements

An estimation of the total nu~~er of words of code for the MMD
software is broken down as follows:

1. Esecutive/control functions 250
2. Inputs and input data formatting 400

3. F~sergency conditions exist test (Approx . 150 tests) 600
4. Display priority determination 50
5. Variable display data calculations and formatting 70
6. Pilot request processing 50

* 7. Message selection , character (data) moving and
data outp uts 250

8. Dat a message set (pre stored ) li1400

6070
R~~~~VE 3000
TOTAL 9070

* Assumes 10, 12 word buffers for outputs to the display.
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4.2.4 Estimated Conçuter Speed Requirements

Certain assumptions had to be made concerning software operating
speed , for example , an accumulated table of input data will be available
once per second and that pilot requested displays will be honored within
one second. Furthermore, it was assumed that a one line (up to 22 characters)
CBT message will be either presented in a priorit y location on the MMD or
will be added to existing CBT messages and updat ed once per second. Also
the executive/control functions and some input operations will be performed
16 ~1rn es per second and that a pilot request , di splay priority and variable
data calculations can occur at a two times per second rate. The computer

speed budget for the MMD software functions are as follows:

SOFTWARE OP RATE NO OF OPS P~~FUNCTIONS (TIMEs/six~) or’s. SECOND

Executive/Control 16 150 21400
Data Input (Fast Rate) 16 100 1600
Data Input (Slow Rate) 1 200 200

Pilot Requests 2 4o 80
~zmrgency Conditions Test 1 600 600
Display Priority 2 50 100

Variable Dat a 2 70 140
Message Lines to Buffe r 1 130 130

5250
Reserve Ops Per Second 5000

TOTAL Or’S PP~ SECOND 10,250

• 4.2.5 W-2A Computer Capability

The production TC-2A computer for the A-7E will have a 32 K
core memory . The present operat ional flight pr ogram (OF?) software ,
including TRAM, uses approximately 22 K words and also the prese nt OFF
softwar e for the TC-2A uses approx imate ly 60% of the available processi ng
time. The estimat ed MMD software requirements are for 9 K words of memory
and an operati ng rate of approximately 10 K operations per second,
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inc luding reserve. It has been concluded therefore, that the production
model of the TC-2A computer is capable of storing and processing the
necessary MMD software.

Hardware Requirements

Additional hardware required to interface an MMD to the TC-2A
computer in the A-7E will consist pr imarily of a signal interface box and
the new sensors previously described and listed in paragraph 3.2. A brief
description of the ~~-2A computer and the signal int erface box along with
the types of signals provided for the MMD are presented in the following
paragraphs.

4.3.1 TC -2A Computer Hardware Description

The TC-2A is a general purpose, stored-program, digital computer
which contains an arithmetic and a memory section, a built-in signal
converter for analog, synchro, and digital inputs and outputs, and a power
supply for the regulated dc voltages required by the system. Although
most of the computer’s work is designed to control instruments and indicators
and to receive messages from sensors and other equipment , the pilot has
interface capability with the computer through the computer control panel.
The computer also has built-in self-test features for continuous monitoring
of integral functions. If’ a processor)malfunction occurs, the letters
“CI4PTE” will appear on the caution panel; however, unless the failure
affects program operation, the computer will cont inue to process infor-
mation.

4 .3.2 P14D/TC-2A Interface

‘1 - . In paragraph 4.2.5 it was concluded from a software standpoint
that the TC-2.A computer has the capability to store and process all
necessary data for an MMD. In order to accomplish the storage and processing
of the P141) data, the hardware interface will require a signal interface
box between the TC-2A and the functions to be added for the P14!) as shown in
Figure 4-2. The candidate MMD functions to be processed by the computer
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include both analog and discrete signals . The analog signals are call-up
functions of quantities, positions, status, etc. The discrete signals are

• produced by a situation that would cause a message or an advisory state-
ment to be automatically displayed on the MMD. Table 4-1 shows the types of
interface signals from the sensors to the interface box for each of the
MMD messages. In addition to the input signals to the interface box,
there are two discrete output signals . A 28 volt discrete output is used
to initiate the ACI.S test and a 8witch closure is used to initiate the
Radar Altimeter test .

4.3.3 Signal Interface Box

The signal interface box will contain the circuitry necessary
to convert and organize the sensor signals into a format to permit the
TC-2A computer to process the data and provide output signals to the MMD .
This circuitry will include A/D converters for both the DC analog and
synchro signals and a microprocessor for formatting, storing and trans-
mitting the interface signals . The analog signals will be converted to
digital words for storage in the memory of the microprocessor in the
signal interface box. These words are then displayed on the Master Monitor
Display when requested by the pilot . The discrete signals will be for-
matted into 5 bits of address , 13 bits of data and 4 bits of word protocol.
The digital words will be then transmitted to the TC-2A via a 20 bit word
on a 50 K}~ serial data channel. The TC-2A will output data to the signal
interface box by means of another 50 KHZ serial data channel. The data
are then formatted in the signal interface box for display on the P14!).
Circuitry for ápecial cases such as the Turbine Outlet Pressure and the
Master Generator Output will also be included in the interface box to

• provide a logic level discrete to the computer when either of these signals
reach an out of tolerance condition during applicable flight modes • The
discretes for these two signals are not shown on the matr ix of Table 2-1
nor on Table 4.3.2 because they are not generated by the sensor circuitry.
A block diagram of the signal interface box is shown in Figure 4-3.
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P 5.0 C0~ICWSIOIIS AND R~~OMI4~ IDATIONS

The feasibility of incorporating a Master Monitor Display into
an A-7E has been established by the results of this study. An alpha.-
numeric type display operated under control of the TC-2A computer in con-

• • 
• junction with the necessary pilot-operated controls of fers a considerable

increase in the usefull information presented to the pilot in comparison
to the current dedicated instruments. Messages to aid the pilot in
decision-making in cases of emergency or advisory statements to inform
hi* of situat ions and conditions are displayed without increasing the pilot
workload since the control and display functions are under software control .

A study of the MMD software requirements along with an invest i-
gation of the TC-2A computer capability and its dedicated use indicates
that the TC-2A computer in the A-7E has adequate speed and sufficient
memory such that it is capable of storing and processing the necessary MMD
software . The computer can provide date. to the MMD from the existing
aircraft sensors with a minimum of modifications or additions . The hard-
ware interface for the MMD can be accomplished by utilizing an interface
box containing a microcomputer with memory and I/o Interface circuitry
between the MMD and the TC-2A computer in the A-7E.

This study only addressed the *ID which is one of five master
displays in the AIDS concept . A similar feasibility study is recomeended
for the full AIDS integration in an A-7 type aircraft to ident ify the require-
ments and special aircraft integration constraints which must be considered
in the installation of the integrated display concept in a tactical aircraft .
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LIST OF ABBREVIATIONS , TERt’~

Abnorm Abnormal
A/C Aircraft

- 
. Accel Accelerate

Accum Accumulate

• Acent Ascent
ACL EDY Discrete light on ACLS
ACI~ Automatic Carrier Landing System
A/D Analog-to-Digital

ADC Air Data Computer
ADF Automatic Direction Finder
ADI Attitude Director Indicator

Advis Advisory
AYCS Automatic Flight Control System
AGR Air-to-Ground Ranging

AIDS Advanced Integrated Display System
ATh~ Automatic Altitude Reporting System
Airepd Airspeed

Alt Altitude, Altimeter
AN/AM-63 Precision Approach Receiver
A~~ Angle of Attack

Approach Power Control

Appro Approach

APX-72 AI?.~ Transponder System
ARC -51 T~MF Co~~~nd Radio
Avail Available

Brg Bearing

Cab Cabin
Caut Caution

Chk Check
Clo Close(d), Closure

4
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LIST OF ABBREVIATIONS, TERMS (Cont)

CMD CTL Discrete Light on ACLS
Cmptr Computer

• Comd Command

Comm Communicat ions
• 

- Coi~ Compartment
Compen Compensation

Contr Control
1 - Crse Coarse

Dat Datum
Doub Double
Del Deliver(ed)
Detect Detection
Dev Deviation
Diff Difference, Different
Disenga Disengaged
Displ Displacement
Dist Distance
Dpir Doppler

ECM Electronic Counter Measures
Ejct Eject
EMD Engine Management Display
Emer F~nergency
Eng Engine
Enga Engage(d)

• 
EPP Emergency Power Package

Exterid(ed)

Fail Failure
H Fig Flag

FLR Forward Looking Radar

— — - - - - — — 
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LIST OF ABBREVIATIONS, TERMS (Cont)

Fit Flight
FPM Feet Per Minute
Freq Frequency
Pus Fuselage

GE General Electric
God Ground

Gen Generator

Hdg Heading
Hg Mercury

Hndl Handle
Horiz Horizontal
HSI Horizontal Situat ion Indicator
HUD Read-Up-Display
Hyd Hydraulic

117 Identification, Friend or Foe
Th~ Inertia Measurement System
m d  Indicator, Indication
Iufo Information

m o p  Inoperative
Inst Instrument
Intero Interrogate, Interrogation
Iso Isolate

KIAS Knots Indicated Airspeed

Lat Latitude

14g Landing
Lft Left

Landing Gear

-• - •  • .T - .
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LIST OF ABBREVIATIONS, TERMS (Cont )

LK Link

- 
- Nag Magnetic

Man Manual

—~ Mu Military
MI4D Master Monitor Display
MSLP Mean Sea Level Pressure

Nag Message

MDC Naval Air Development Center
NATOPS Naval Air Traini ng and Operat ing Procedures

Standardization

• Nay Navigation
NA VAIR Naval Aeronautics Systems Command

Norm Normal

OFP Operational Flight Program

Oper Operate, Operation
3 Oxy Oxygen

PC-i, 2 , 3 Power Control System (Hydraulic)
Pit Pitot
PMDS Projected Map Display System
Pneu Pneumatic
Pos Position
Pres s Pressure
PSI Pounds Per Square Inch

Pt Pointer
Per Power

Qty Quantity

4
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LIST OF ABBREVIATIONS, TERMS (Cont )

Rec Receive
Reg Regulator

Req Required

Ret Retract(ed )
• RCVR Receiver

RHAW Radar Homing and Warning

4 
Rt Right

• Rod Rudder

• S/D Synchro-to-Digital

Sd Select
Sig Signal

Spd Speed
Stab Stab ilization
Stby Standby
SW Switch
Syat System

TAC TACAN
TACAN Tactical Air Navigation
TC-2A Tactical Computer in A-7E

• Temp Temperature
‘17 Terrain Following
Therm Thermal
TII~’ Discrete Light on ALCS
TX Tank

• T/O Takeoff

Tol Tolerance
TOT Turbine Outlet Temperature
Tot Total
TRAM Target Recognition and Multisensor
Trans Trsnsfer(ed)

4
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LIST OF ABBREVIAT IONS, TERMS (Cont )

iEF Ultra High Frequency

Vert Vertical

• Warn Warning
Whis Wheels

X~’fl’R Transmitter
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